Sulfobromophthalein sodium (BSP) is a phthalein dye that is removed from blood predominantly by the liver and excreted into the bile (2). Removal is impaired in the presence of hepatocellular damage, and BSP retention in blood has proved to be a sensitive index of hepatic dysfunction (3, 4) . Although BSP has been used in the clinical evaluation of hepatic disease for over 30 years, the precise mechanisms by which it is handled by the liver remain poorly understood.
sorption spectra and extinction coefficients of the BS"P and standard BSP were identical. When BS'P was chromatographed, 98.4 per cent migrated with the same Rf as standard BSP ( Figure 1 ). Two compounds accounted for the remaining 1.6 per cent, 1.3 per cent having an Rf of 0.50 and 0.3 per cent an Rf of 0.92.
The common bile ducts of rats (Long Evans, Wistar) were cannulated with fine polyethylene tubing under ether anesthesia. Bile was allowed to drain into small bottles while the rats were gently restrained in special cages. After collection of a control sample of bile, varying doses of BSP were injected and additional bile samples were obtained. The bile samples were treated as follows:
1) Quantitation of BSP in bile. Colorimetric determinations were made on a Beckman DU spectrophotometer, set at 575 mu, on appropriately diluted bile specimens to which alkali had been added. Complete recovery of BSP was obtained over the range of concentrations, 30 to 350 mg. per cent, encountered in bile in these studies.
2) Chromatography of BSP compounds. Bile samples were applied 25 Iul. at a time as a band 5 inches wide on Whatman No. 1 filter paper strips (6 X 21 inches). Each 25 ,IA. volume was dried with cold air from a hair dryer before the next aliquot was added to the paper. A total of 100 to 200 ul. of bile containing 0.045 to 0.35 mg. of BSP was applied at the origin. The chromatograms were then developed for 16 to 20 hours at 22°C. in a descending system consisting of glacial acetic acid: water: n-propyl alcohol (1: 5: 10 v/v). After the papers were dried, BSP bands were identified by: 1) the development of a purplish color when exposed to ammonia vapors, and 2) their absorption in the ultraviolet range (X max = 232 mM) .
3) Quantitation of BSP on chromatograms. In some studies, each BSP band was cut out from the chromatograph; the dye was then eluted from the paper into distilled water for 30 minutes and the BSP content of the eluate measured colorimetrically on a Beckman DU spectrophotometer after the addition of alkali. dividing the optical density derived from that band by the sum of the optical densities of all the bands.
The distribution of BSP in different bands was also determined from segments of the entire chromatograph as follows: Strips 1 cm. wide were cut longitudinally from the chromatograms. The strips were then cut at 1 cm. intervals and the dye contained in each square cm. of paper was measured either colorimetrically or by counting when BS3P was used. For colorimetric analysis, the dye on each square was eluated into 4 ml. of distilled water for 30 minutes and the optical density of the eluate was determined after the addition of 0.1 ml. of 20 per cent potassium hydroxide. When radioactivity was assayed, each square was placed in a counting bottle to which 4 ml. of a 0.4 per cent solution of 2: 5-diphenyloxazole in toluene was added, and the counts were measured in a liquid (Table I ). Despite the fact that the BSP content of only a segment of the chromatograph was measured, calculation of the per cent of BSP contained in each band from data obtained from individual strips did not differ appreciably from that obtained from measurements of the BSP content of the entire chromatograph (Table II) . The quantity of BSP excreted in each band 2) Distribution of BSP compounds in bile (Table  III (Figure 4 ).
3) Identification of BSP bands
The absorption spectrum of the compounds contained in the different bands is identical with that of standard BSP ( Figure 5 identified as glycine and glutamic acid by the following: a) The ninhydrin spots assumed the positions of glycine and glutamic acid on two-dimensional chromatography in phenol-NH3 and 80 per cent pyridine; b) when the unknown compounds were mixed with known samples of glycine and glutamic acid and chromatographed in the twodimensional system, the unknown spots were reinforced; only two bands were seen, and these corresponded to the usual location of glycine and glutamic acid in this solvent system; c) the dinitrophenyl (DNP) derivatives of the unknown amino acids which were prepared moved with the same Rf's as known DNP-glycine and DNPglutamic acid in tertiary amyl alcolhol-phthalate pH 6.0 buffer (15 than that amount which would have been present if A were a monoglucuronide of BSP (Table IV) .
In addition, no free BSP was detected by paper chromatography when compound A was incubated with f8-glucuronidase (Worthington) at 370C., pH 4.9, for one hour, nor was the Rf of A altered ( Figure 6 ). Under similar conditions, the activity of the enzyme was demonstrated by its capacity to liberate phenolphthalein from phenolphthalein glucuronide.
DISCUSSION
The primary purpose of the present report is to describe the nature of the major biliary excretory product of BSP in the rat. This compound, designated BSP A, accounts for up to 80 per cent of the BSP recovered in bile. Ninhydrin reacting material has been found to conform both in shape and position with BSP A on paper chromatograms. This ninhydrin moiety has been demonstrated to be an integral part of the compound since it cannot be removed by passing BSP A through a Dowex 50-X8 ion exchange resin. When subjected to acid hydrolysis, BSP A yields free BSP and two ninhydrin spots. The latter have been identified as the amino acids, glycine and glutamic acid, by means of two-dimensional filter paper chromatography, and this has been confirmed by identifying the dinitrophenyl derivatives of these amino acids. Thus, the major biochemical process concerned with the excretion of BSP into bile is one of conjugation of BSP with glycine and glutamic acid. Ninhydrin reacting material is also associated with BSP B and BSP C, indicating that conjugation with amino acids is also involved in the excretion of these compounds. Studies concerned with the identification of these amino acids are currently in progress.
A preliminary analysis of BSP compounds in human T-tube bile (17) also reveals that the major excretory product is intimately associated with ninhydrin positive material. As in the rat, glycine and glutamic acid are recovered after acid hydrolysis and alanine has been observed in some specimens. These findings in the rat and the preliminary observations in man suggest, therefore, that the BSP test is a measure, at least in part, of amide formation in the liver.
No evidence for a BSP-glucuronic acid conjugate has been found in the present studies in the rat and in man (17) . Krebs and Brauer also did not identify a BSP glucuronide compound in rat bile (18) . These observations are consistent with the clinical finding that BSP removal by the liver is normal in patients with Gilbert's disease (19), a disorder characterized by impairment of glucuronide conjugation in the liver (20, 21) .
The present studies do not exclude the possibility that the BSP molecule itself is altered during excretion by the liver. The absorption spectra of the BSP compounds appearing in rat bile were identical, however, suggesting that the BSP molecule remains intact. Certainly no colorless BSP conmpounds in bile were found when radioautographs of chromatograms were made after S35-labeled BSP was administered.
Recently Evidence has been presented (5-14) which indicates that the hepatic removal of BSP depends upon the simultaneous operation of at least two processes: 1) uptake by liver cells into a "storage compartment" in an amount proportional to plasma concentration, and 2) removal from blood by a transfer mechanism characterized by a transfer maximum or Tm. It has been inferred that the Tm is a measure of the movement of BSP from blood to bile (13, 14) . The finding of four distinct BSP compounds in bile in the present studies introduces a new complexity in the interpretation of the values for Tm. Henceforth, any analysis of BSP Tm must take into consideration the probability that more than one transport process is operative in the movement of BSP into bile. SUMMARY An analysis of sulfobromophthaleini sodium (BSP) compounds appearing in the bile of the rat has been undertaken. Usually four and occasionally three BSP bands have been identified by paper chromatography. The major excretory product of BSP in bile, designated BSP A, accounts for up to 80 per cent of the recovered dye. This compound and its hydrolytic products were subjected to both chromatographic and chemical analysis, the results of which indicate that BSP is excreted by the liver of the rat primarily as a conjugate of glycine and glutamic acid.
